The clay mineralogical semiquantitative composition of 186 samples of hemipelagic sediments, turbiditic sediments, and authigenic carbonates from Integrated Ocean Drilling Program Sites U1325-U1329, northern Cascadia margin, were determined by Xray diffraction analyses. Oriented aggregates of clay-sized fractions were analyzed to estimate the relative percentages of smectite, illite, chlorite, kaolinite, and illite/vermiculite mixed layers. Illite/vermiculite mixed layers were observed for the first time in this area. Clay mineral assemblages show only modest long-term variations with no significant differences among Sites U1325-U1329. Variations in clay mineral assemblages are supposed to be mostly related to differences between hemipelagic sediments and turbiditic sediments. The sampling resolution and the age control are not good enough to define or recognize any climate control indicators in the clay mineral record.
Introduction
The Juan de Fuca plate is being subducted obliquely beneath the North American plate along the Washington, Oregon, and northern California continental margins. The Cascadia accretionary prism evolved in response to this oblique subduction. It is composed of folded and faulted abyssal plain turbidites and hemipelagic sediments (Kulm and Fowler, 1974; MacKay et al., 1992) . In the northern section of the Cascadia margin, a gas hydraterelated bottom-simulating reflector occurs in a 30 km wide band parallel to the coast beneath much of the continental slope (Fig.  F1A) . Integrated Ocean Drilling Program Expedition 311 follows Ocean Drilling Program Legs 146 (north Hydrate Ridge) and 204 (south Hydrate Ridge) drilling campaigns in the Cascadia margin area to characterize gas hydrate processes. To constrain the distribution and concentration of gas hydrate in this region, four sites (U1326, U1325, U1327, and U1329) were drilled along a southwestnortheast transect during Expedition 311, from an uplifted ridge near the base of the continental slope (Site U1326) to near the edge of the continental shelf (Site U1329); a fifth site (U1328), representing a cold seep site with active fluid and gas flow, was also drilled (Fig. F1B ) (see the "Expedition 311 Summary" chapter). This data report describes the clay assemblages identified by X-ray diffraction of 186 turbiditic sediments, hemipelagic sedi-ments, and authigenic carbonates. The aim was originally to investigate potential modifications of clay mineral assemblages through sites, lithology, depth, and gas hydrate occurrence.
X-ray diffraction methods

Sample preparation
The sample preparation method used in this study is described in Holtzapffel (1985) . Separation of claysized fractions (<2 µm) started with a gentle crushing of samples and decalcification using a solution of 0.2N HCl in an Erlenmeyer flask. The preparation was washed with distilled water, and clay deflocculation was obtained through repeated centrifuging (2500 revolutions per minute [rpm] for 3 min). After each centrifugation, water was eliminated and the plug was resuspended in distilled water. Generally, three to six centrifugation-suspension cycles were necessary until deflocculation. After transferring the suspended sediment to a glass beaker and vigorously shaking it, the clay fraction was separated by decantation using settling time based on Stoke's law. The extracted clay fraction was then centrifuged at 3500 rpm for 40 min, and, finally, the clay plug was used to make an oriented clay glass slide. X-ray diffraction analyses were conducted on air-dried clay slides after saturation with ethylene glycol (at least 24 h) and after heating at 490°C for 2 h.
X-ray diffraction parameters
X-ray diffractograms were obtained at the Muséum National d'Histoire Naturelle of Paris using a Siemens D500 X-ray diffractometer with CuKα radiation (1.54 Å) and Ni filter. Instrument parameters were set to 40 kV accelerating voltage and 30 mA current. Scans were run from 2° to 40°2θ with a scanning step size of 0.02°2θ and counting time of 4 s. X-ray diagrams were studied using MacDiff (version 4.2.5) software (servermac.geologie.uni-frankfurt.de/Staff/Homepages/Petschick/RainerE.html) in order to establish the background line, smooth counts, correct peak positions (using quartz [100] peak at 4.24 Å), and compute integrated peak areas (total counts). The semiquantitative clay mineral proportions were estimated from the glycolated pattern. Clay mineral identification was made according to the position of the 001 series of basal reflections (Brown and Brindley, 1980) . X-ray diffraction analyses allowed us to identify smectite, illite, chlorite, kaolinite, and some random mixed-layered illite/vermiculite (I/V). These I/V mixed layers are characterized in air-dried conditions by a broad peak ranging from 10 to 13 Å, with a maximum intensity at ~12 Å. This peak is not altered in position or intensity by glycol saturation but collapses to 10 Å after heating (Fig. F2) . In order to allow comparisons with published data from the northern Pacific region (Duncan et al., 1970; Karlin, 1980; Underwood, 2002; Underwood and Torres, 2006) , the integrated areas were multiplied by weighting factors (Biscaye, 1965) and normalized to 100%. Weighting factors are 4 for illite, 2 for kaolinite + chlorite, and 1 for smectite (Biscay, 1965) ; we chose to use 1 for I/V in order to compare results with those already published for this area (in which no I/V was detected), so percentages are only slightly "mathematically" modified. Chlorite and kaolinite were differentiated using the 3.54 Å/3.57 Å peak ratio. The smectite term corresponds to a random R0 smectite/illite mixed layer (R0 I/S) and the amount of expandable layers was calculated based on the valley/peak height (v/p) ratio (after Biscay, 1965) , the difference in the height of the base line from the high and low 2θ sides of the 5.2°2θ peak. Abacus allows consideration of the percentage of smectite portion from the measure of the v/p parameter (the saddle-peak method; Rettke, 1981) . The estimated analytical precision is ±5%.
Results
A total of 186 samples of hemipelagic samples, turbiditic samples, and carbonate concretion samples were analyzed in this study. Figures F3, F4, F5, F6 , and F7 display downhole variations of clay minerals for each site. The X-ray diffraction data are illustrated in Table T1 .
As previously stated, we used the factors of Biscay (1965) to estimate semiquantitative clay mineral percentages in order to compare our results with already published data. However, we must note that using these factors and 1 as the factor for I/V "minimizes" the proportion of I/V compared to semiquantitative estimates based on other methods described in Holtzapffel (1985) . I/V mixed layers were never observed offshore Oregon (e.g., Karlin, 1980; Underwood, 2002; Gràcia et al., 2006; Underwood and Torres, 2006) , whereas they are present in Pleistocene northwestern Atlantic sediments and relate to interglacial periods (e.g., Vanderaveroet et al., 2000) . Vermiculite and random mixed-layer minerals were also described in late Pleistocene sediments of Vancouver Island (Blaise, 1989) . The expandability values in R0 I/S for each site are quite similar (mean = ~60%-65%; lower values are obviously observed in smec-tite-poor samples). Therefore, as with Underwood and Torres (2006) , we suppose that the expandable clay is probably detrital in origin with small amounts of interlayered illite.
Site U1326
Site U1326 is located on top of the first uplifted ridge of accreted sediments at the far western downslope end of the transect. Thirty-three samples from lithostratigraphic Unit I (Hole U1326C), Unit II (Holes U1326C and U1326D), and Unit III (Hole U1326D) were analyzed ( Table T1 ; Fig. F3 ). Three samples analyzed for Unit I show a similar clay assemblage composed of smectite (19%), illite (42%), chlorite (28%), and kaolinite (12%). There is an anticorrelation between smectite and illite in Unit II and between illite and chlorite (+ kaolinite) in Unit III. Moreover, as noted by Bahr et al., there is a trend toward higher illite and chlorite (+ kaolinite) contents in the lower part of Unit II and all of Unit III. The lower smectite content in Unit III is accompanied by a slight decrease in the amount of expandable layers (Percent expand in Table T1 ). The authigenic carbonate-rich sample at 235.90 meters below seafloor (mbsf) does not show any particular clay content.
Site U1325
Site U1325 is located within the first slope basin in the southwestern part of the transect. Thirty-five samples from lithostratigraphic Units IA, IB, II, and III (Hole U1325B) and Unit IV (Hole U1325C) were analyzed. As for Site U1326, clay mineral assemblages are composed of smectite, illite, chlorite, kaolinite, and I/V (Table T1 ; Fig. F4 ). No global trend was noted except in Units I-II, in which the observed moderate anticorrelation between smectite and illite could be linked to sediment grain size, turbiditic samples being more illitic, whereas hemipelagic samples are more smectitic. Unit IV (as Unit III for Site U1326) appears slightly richer in chlorite and I/V than Units I-III and poorer in smectite. The authigenic carbonate-rich sample analyzed in Unit III does not show any particular clay content.
Site U1327
Site U1327 is located on the midcontinental slope off Vancouver Island, several hundred meters from Site 889 (Leg 146). Forty-two samples from lithostratigraphic Unit I (Hole U1327C), Unit II (Holes U1327C and U1327D), and Unit III (Hole U1327C) were analyzed (Table T1 ; Fig. F5 ). Units I-III display an anticorrelation between smectite and illite related to sediment grain size. Unit III is slightly richer in illite and poorer in smectite than Units I and II, whereas Unit I displays a little more I/V. Six authigenic carbonate-rich samples were analyzed (one in Unit I, four in Unit II, and one in Unit III) with no particular clay content.
Site U1328
Site U1328 is located 3.7 km southeast of Site U1327 on the midcontinental slope off Vancouver Island. Forty-four samples from lithostratigraphic Unit I (Holes U1328B and U1328C), Unit II (Hole U1328C), and Unit III (Hole U1328C) were analyzed ( Table T1 ; Fig. F6 ). As for the precedent sites, an anticorrelation trend between smectite and illite, related to sediment grain size, was observed. The most smectitic samples (and poorest in illite) are observed at the base of Unit I between 105 and 130 mbsf. Lithostratigraphic Unit II is slightly richer in illite and poorer in smectite than Units I and III. Four authigenic carbonate-rich samples were analyzed in Unit III with no particular clay content.
Site U1329
Site U1329 is the easternmost and shallowest site of the transect. Moreover, it is the only site to display Miocene sediments occurring in discordance below Pleistocene sediments. Twenty-seven samples from lithostratigraphic Units I-III (Hole U1328C) were analyzed (Table T1 ; Fig. F7 ). From 0.74 to 35.35 mbsf the clay content of samples is characterized by the lack of kaolinite (all of Unit I and the first sample of Unit II). Lithostratigraphic Unit I appears also slightly poorer in smectite than Units II and III. Globally, an anticorrelation trend between smectite and illite fractions is also observed in the three units. Compared to Pleistocene sediments, Miocene sediments are slightly richer in smectite and kaolinite and poorer in illite and chlorite.
Conclusion
At Sites U1325-U1329 of Expedition 311, the clay mineral assemblages are composed of smectite, illite, chlorite, kaolinite, and illite-vermiculite (I/V) mixedlayers. I/V layers have not been observed in the Cascadia margin area (e.g., Karlin, 1980; Underwood and Torres, 2006) , whereas they are present in Pleistocene northwestern Atlantic sediments (e.g., Vanderaveroet et al., 2000) and are related to interglacial periods. However, in this study, the sampling resolution and the age control are not good enough to de-fine or recognize any climate control in the clay mineral record.
Clay mineral variations are slight and probably partly due to the natural heterogeneity of the claysized sediment budget. Nevertheless, it is possible to see some differences between sites and between units in the same site. Lithostratigraphic Unit I at Site U1329 does not contain kaolinite. The lowest smectite contents are observed in lithostratigraphic Unit IV at Site U1325 and Unit III at Site U1326, whereas higher values are recorded in the Miocene of lithostratigraphic Unit III at Site U1329. In all sites, a global anticorrelation trend between illite and smectite fractions is observed. This trend could be correlated to sediment grain size, hemipelagic sediments being slightly richer in smectite and turbiditic samples slightly enriched in illite. In the samples studied, there is no evidence of diagenetic impact of gas hydrate and/or carbonate diagenesis occurrence on the clay mineral fraction. 
